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(57) ABSTRACT 

A method for controlling fan operation that includes detect 
ing a stopped fan and attempting to start the Stopped fan. The 
method includes attempting to start the Stopped fan again 
after at least one first time interval when the fan does not 
Start. The method includes attempting to Start the Stopped 
fan again after at least one Second time interval when the fan 
does not start after a predetermined number of first time 
intervals, where the at least one Second time interval is 
longer than the first time interval. 

220 

260 

Wait for a 
time t 

270 

  

  

  



Patent Application Publication Jan. 29, 2004 Sheet 1 of 4 US 2004/0018079 A1 

  



Patent Application Publication Jan. 29, 2004 Sheet 2 of 4 US 2004/0018079 A1 

200 

220 

Attempt to start stopped fan 

260 

Number of 
attempts < M 

Wait for a 
time t 

270 

time t2>t 

.9Fig. 2 

  

  

  

  

  

  

  



Patent Application Publication Jan. 29, 2004 Sheet 3 of 4 US 2004/0018079 A1 

300 

320 

Attempt to start stopped fan 
and set other fans to full speed 

Did 
Set speed of stopped fan 
stopped fan start? 

and other fans Set speed of 
other fans 

to percentage 
of full speed 

to percentage 
of full speed 

380 

Number of NYes 
attempts < M 

Wait for a 

390 

Wait for a 
time t2>t 

9Fig. 3 

  

  

  

  

  

  

  

  

  

  

  

    

    

  



Patent Application Publication Jan. 29, 2004 Sheet 4 of 4 US 2004/0018079 A1 

400 

41) 

Detect a stopped fan 

Execute a restart method, e.g., 
method 200 or 300, for starting 

the stopped fan 

420 

430 

Terminate the restart 
method when a shutdown 

Condition occurs 

440 
1 

Retain a stopped-fan fault indicative 
of the stopped fan when the 
shutdown Condition occurs 

450 

Execute the restart 
method when the shutdown 
condition no longer occurs 

  

    

    

    

    

  



US 2004/0018079 A1 

EAN CONTROL 

TECHNICAL FIELD 

0001. The present invention relates generally to the field 
of fans and, in particular, to controlling fans. 

BACKGROUND 

0002 Fans are frequently used, for example, to push, 
pull, or circulate air through housings containing electronic 
equipment for cooling the electronic equipment. In Some 
applications, controllers control these fans. For example, 
controllers can control fan Speed, shut down malfunctioning 
fans, issue alarms when fans malfunction, etc. Many fan 
controllers place fans in a fault mode in the case of a fan 
fault, Such as when fans are accidentally stopped, e.g., by an 
obstruction. In one application, a fault mode consists of 
issuing an alarm and no longer Supplying power to the fan 
when a fan fault occurs. Problems occur, however, in cases 
of temporary fan faults, e.g., when a fan is temporarily 
obstructed and the obstruction is Subsequently removed, 
thereby removing the fault. This is because many controllers 
require human intervention to restart the fan when the 
temporary obstruction is removed. 
0003. In some applications, fan controllers shut down 
fans at temperatures that can cause fan lubricants to freeze. 
This is often referred to as thermal shut down. However, 
while in a thermal shutdown mode, many controllers indi 
cate that all fans are operable even though one or more of the 
fans became inoperable, e.g., due to an obstruction, prior to 
thermal shut down. Similar problems can occur when fans 
are manually shut down. 

0004 For the reasons stated above, and for other reasons 
stated below that will become apparent to those skilled in the 
art upon reading and understanding the present Specification, 
there is a need in the art for alternatives for controlling fans. 

SUMMARY 

0005 The above-mentioned problems with controlling 
fans and other problems are addressed by embodiments of 
the present invention and will be understood by reading and 
Studying the following Specification. 

0006. One embodiment provides a method for restarting 
a stopped fan. The method includes attempting to Start the 
Stopped fan and attempting to Start the Stopped fan again 
after at least one first time interval when the fan does not 
Start. The method also includes attempting to start the 
Stopped fan again after at least one Second time interval 
when the fan does not start after a predetermined number of 
first time intervals, where the at least one Second time 
interval is longer than the first time interval. 
0007 Another embodiment provides a method for con 
trolling fan operation that includes detecting a stopped fan 
and attempting to start the Stopped fan. The method includes 
attempting to Start the Stopped fan again after at least one 
first time interval when the fan does not start. The method 
includes attempting to Start the Stopped fan again after at 
least one Second time interval when the fan does not start 
after a predetermined number of first time intervals, where 
the at least one Second time interval is longer than the first 
time interval. 
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0008 Another embodiment provides a method for con 
trolling fan operation that includes detecting a stopped fan 
and executing a restart method for Starting the Stopped fan. 
The method includes terminating the restart method when a 
shutdown condition occurs and retaining a stopped-fan fault 
indicative of the stopped fan when the shutdown condition 
occurs. The method includes executing the restart method 
for Starting the Stopped fan when the shutdown condition no 
longer exists. 
0009 Further embodiments of the invention include 
methods and apparatus of varying Scope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 illustrates a circuit card for controlling fans 
according to an embodiment of the present invention. 
0011 FIG. 2 is a flowchart of a method for restarting a 
Stopped fan according to another embodiment of the present 
invention. 

0012 FIG. 3 is a flowchart of a method for restarting a 
Stopped fan according to yet another embodiment of the 
present invention. 
0013 FIG. 4 is a flowchart of a method for controlling 
fans according to another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION 

0014. In the following detailed description, reference is 
made to the accompanying drawings that form a part hereof, 
and in which is shown by way of illustration specific 
illustrative embodiments in which the invention may be 
practiced. These embodiments are described in Sufficient 
detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments 
may be utilized and that logical, mechanical and electrical 
changes may be made without departing from the Spirit and 
Scope of the present invention. The following detailed 
description is, therefore, not to be taken in a limiting Sense. 
0.015 FIG. 1 illustrates a circuit card 100 for controlling 
fans 104 to 104 according to an embodiment of the present 
invention. In one embodiment, circuit card 100 includes 
controllers 102 to 102 that are respectively electrically 
connectable to fans 104 to 104. Controllers 102 to 102 
are respectively electrically connected to a controller 106, 
e.g., by traces 108 and 110 to 108 and 110 disposed 
within or on circuit card 100. Controller 106 includes a 
machine-readable medium 112, Such as an programmable 
read only memory (PROM), erasable PROM (EPROM) 
electrically erasable PROM (EEPROM) or the like, contain 
ing machine-uSable instructions. In various embodiments, 
controllers 102 are fan controllers available as part number 
TC652 from Microchip Technology Incorporated, Chandler, 
Ariz. In other embodiments, controller 106 is a Program 
mable Interrupt Controller (PIC), such as the PIC 12C671 
available from Microchip Technology Incorporated, Chan 
dler, Ariz. 
0016. In some embodiments, a temperature sensor 114 is 
disposed on circuit card 100 and is electrically connected to 
controller 106. Temperature sensor 114 transmits tempera 
ture information to controller 106. In other embodiments, an 
alarm indicator 116 is electrically connected to controller 
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106 by a connector 118 disposed on circuit card 100. In one 
embodiment, alarm indicator 116 is a visual indicator that 
flashes when activated, Such as a light emitting diode (LED). 
0.017. Circuit card 100 monitors and controls operation of 
fans 104 to 104. In one embodiment, controllers 102 to 
102 respectively monitor rotational speeds of fans 104, to 
104 and detect when one or more of fans 104, to 104s stops, 
e.g., a stopped-fan fault. For example, when the rotational 
speed of one of one or more of fans 104 drops to substan 
tially Zero revolutions per minute, the respective one or more 
of controllers 102 to 102 send a fault signal to controller 
106 via the respective one or more of traces 108, and the 
machine-usable instructions contained in machine-readable 
medium 112 of controller 106 activate alarm indicator 116. 

0018 FIG.2 is a flowchart of a method 200 for restarting 
a stopped fan, Such as fan 104, according to an embodiment 
of the present invention. In one embodiment, the respective 
one of controllers 102, e.g., controller 102, detected the 
Stopped fan, as described above. At block 220, circuit card 
100 attempts to start fan 104. In one embodiment, control 
ler 102 receives a control signal from controller 106 via 
trace 110 to attempt to start fan 104. The control signal 
instructs controller 102 to send a power signal to fan 104 
to start fan 104. If fan 104 starts, it is decided at decision 
block 230, to end the method at block 240. In one embodi 
ment, when fan 104 starts, controller 106 deactivates alarm 
indicator 116. 

0019. If fan 104 does not start, it is decided at decision 
block 230, to proceed to decision block 250. If the number 
of attempts to Start fan 104 is less than or equal to M, e.g., 
M=3 or 4 attempts, it is decided at decision block 250 to wait 
for a time interval t, e.g., t=4 Seconds, at block 260 and to 
attempt to start fan 104 again by returning to block 220. 
This is repeated for Mattempts (or M time intervals t). If 
fan 104 does not start after Mattempts (or M time intervals 
t), it is decided at decision block 250 to wait for a time 
interval tet at block 270 and to attempt to start fan 104 
again by returning to block 220. It is attempted to Start fan 
104, after each of a number of time intervals t until the fan 
Starts. Increasing the time interval from t to t reduces 
power consumption associated with attempting to Start fan 
104, during each time interval. What happens when the fan 
does not start?? Method 200 is not limited to restarting only 
one fan, but can be used to restart any number of fans 104 
to 104 that have stopped. 
0020. In one embodiment, circuit card 100 adjusts fan 
Speed according to the temperature Sensed by temperature 
Sensor 114. For example, in one embodiment, the fan Speed 
ranges from a predetermined percentage of full speed (e.g., 
40 percent of full speed) at a Sensor temperature less than or 
equal to a predetermined temperature T (e.g., about 25 C. 
to 35 C.) to full speed at a Sensor temperature greater than 
or equal to a predetermined temperature T>T. 

0021 FIG. 3 is a flowchart of an embodiment of a 
method 300 for restarting a stopped fan, such as fan 104, 
when the stopped fan and other fans, e.g., fans 1042 to 104, 
are Set to operate at a percentage of full Speed, e.g., based on 
the temperature Sensed by temperature Sensor 114. In one 
embodiment, the respective one of controllers 102, e.g., 
controller 102, detected the Stopped fan, as described 
above. At block 320, circuit card 100 attempts to start fan 
104, and sets the other fans, e.g., fans 104 to 104, to full 
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Speed. In one embodiment, this is accomplished by control 
ler 106 respectively sending control signals via traces 110 
to 110 to controllers 102 to 102. The control signal sent 
to controller 102 instructs controller 102 to send a power 
signal to fan 104 to start fan 104. The control signals sent 
to controllers 102 to 102 instruct controllers 102 to 102 
to set fans 104 to 104 at full speed. If fan 104 starts, it is 
decided at decision block 330 to set fans 104 to 104 at a 
percentage of full Speed at block 340, e.g., as per the 
temperature sensed by sensor 114. Method 300 then ends at 
block 350. In one embodiment, when the stopped fan starts, 
controller 106 deactivates alarm indicator 116. 

0022. If fan 104 does not start, it is decided at decision 
block 330 to set fans 104 to 104 at a percentage of full 
Speed at block 340, e.g., as per the temperature Sensed by 
sensor 114, at block 360. Method 300 then proceeds to 
decision block 370. If the number of attempts to start the fan 
is less than or equal to M, e.g., M=3 or 4 attempts, it is 
decided at decision block 370 to wait for a time interval t, 
e.g., t=4 Seconds, at block 380 and to attempt to start fan 
104, again and to set fans 104 to 104s at full speed again by 
returning to block 320. This is repeated for Mattempts (or 
M time intervals t). If fan 104 does not start after M 
attempts (or M time intervals t), it is decided at decision 
block 370 to wait for a time interval tet at block 390 and 
to attempt to start fan 104 again and to set fans 104 to 104 
at full speed again by returning to block 320. It is attempted 
to start fan 104 and to set fans 104 to 104 at full speed 
after each of a number of time intervals t until the fan starts. 
Increasing the time interval from t to t reduces acoustic 
noise and power consumption associated with increasing the 
speed of fans 104 to 104 from a fraction of full speed to 
full speed during each time interval. What happens when 
the fan does not start?? Method 300 is not limited to 
restarting only one fan, but can be used to restart any number 
of fans 104 to 104 that have stopped. 
0023. In some embodiments, when temperature sensor 
114 Senses a temperature less than or equal to a freezing 
temperature of a lubricant lubricating the fans, thermal 
shutdown occurs. This involves control card 100 shutting off 
power to fans 104 to 104. Thermal shutdown persists until 
temperature Sensor 114 Senses a predetermined temperature 
that is greater than the lubricant freezing temperature. At this 
point, control card 100 restores power to fans 104 to 104. 
In another embodiment, power to fans 104 to 104 is shut 
off manually via a manual shutdown. A manual shutdown 
persists until power is manually restored to fans 104 to 
104. 
0024. When a stopped-fan fault occurs prior to a thermal 
or manual shutdown, circuit card 100 retains the fault during 
the shutdown. In one embodiment, when a stopped-fan fault 
occurs prior to a thermal or manual shutdown, a method for 
restarting the stopped fan, such as method 200 or 300, is 
executed upon detection of the Stopped-fan fault. In this 
embodiment, the thermal or manual shutdown can occur at 
any point during the execution of the restart method, thus 
Stopping the restart method. In another embodiment, when a 
Stopped-fan fault occurs prior to a thermal or manual shut 
down, and power is restored to the fans, e.g., either manually 
or because temperature Sensor 114 Senses a predetermined 
temperature that is greater than the lubricant freezing tem 
perature, the restart method is executed to restart the Stopped 
fan. 
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0025) More specifically, FIG. 4 is a flowchart of an 
embodiment of a method 400 for controlling fans. A stopped 
fan is detected at block 410. At block 420, a restart method, 
e.g., method 200 or 300, is executed to start the stopped fan. 
The restart method is terminated at block 430 when a 
shutdown condition occurs, Such as a thermal or manual 
shutdown. A stopped-fan fault indicative of the Stopped fan 
is retained at block 440 when the shutdown condition 
occurs. The restart method is executed at block 450 when the 
shutdown condition no longer exists, e.g., power is restored 
to the fans either manually or because temperature Sensor 
114 Senses a predetermined temperature that is greater than 
the lubricant freezing temperature. In one embodiment, 
other fans without Stopped-fan faults are Started when the 
shutdown condition no longer exists. Method 400 is not 
limited to restarting only one fan, but can be used to restart 
any number of fans 104 to 104 that have stopped. 
0026. In other embodiments, when temperature sensor 
114 Senses a temperature greater than or equal to a prede 
termined high temperature, circuit card 100 activates alarm 
indicator 116. When temperature sensor 114 senses a tem 
perature below the predetermined high temperature, circuit 
card 100 deactivates alarm indicator 116. 

CONCLUSION 

0.027 Embodiments of the present invention have been 
described. The embodiments provide for controlling fans. 
Some embodiments provide for detecting and restarting one 
or more stopped fans. Other embodiments provide for 
retaining stopped-fan faults when a shutdown condition 
OCCS. 

0028. Although specific embodiments have been illus 
trated and described in this specification, it will be appre 
ciated by those of ordinary skill in the art that any arrange 
ment that is calculated to achieve the same purpose may be 
substituted for the specific embodiment shown. This appli 
cation is intended to cover any adaptations or variations of 
the present invention. It is manifestly intended that this 
invention be limited only by the following claims and 
equivalents thereof. 

What is claimed is: 
1. A method for restarting a stopped fan, the method 

comprising: 
attempting to Start the Stopped fan; 
attempting to Start the Stopped fan again after at least one 

first time interval when the fan does not start; and 
attempting to Start the Stopped fan again after at least one 

Second time interval when the fan does not start after a 
predetermined number of first time intervals, wherein 
the at least one Second time interval is longer than the 
first time interval. 

2. The method of claim 1, further comprising Setting at 
least one other fan at full Speed. 

3. The method of claim 1, further comprising Setting the 
Stopped fan at a percentage of full Speed when the Stopped 
fan Starts. 

4. The method of claim 1, further comprising Setting at 
least one other fan at a percentage of full Speed. 

5. A method for restarting a stopped fan, the method 
comprising: 
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attempting to Start the Stopped fan and Setting at least one 
other fan at full Speed; 

Setting the at least one other fan at a percentage of full 
Speed; 

attempting to Start the Stopped fan again and Setting the at 
least one other fan at full Speed again after at least one 
first time interval when the Stopped fan does not start; 
and 

attempting to Start the Stopped fan again and Setting the at 
least one other fan at full Speed again after at least one 
Second time interval when the Stopped fan does not 
Start after a predetermined number of first time inter 
vals, wherein the at least one Second time interval is 
longer than the first time interval. 

6. The method of claim 5, further comprising Setting the 
Stopped fan at a percentage of full Speed when the Stopped 
fan Starts. 

7. The method of claim 6, wherein setting the stopped fan 
at a percentage of full Speed when the Stopped fan Starts 
occurs at a temperature within a predetermined range. 

8. The method of claim 5, wherein setting the at least one 
other fan at a percentage of full Speed occurs at a tempera 
ture within a predetermined range. 

9. A method for controlling fan operation, the method 
comprising: 

detecting a stopped fan; 
attempting to Start the Stopped fan; 
attempting to start the stopped fan again after at least one 

first time interval when the fan does not start; and 
attempting to Start the Stopped fan again after at least one 

Second time interval when the fan does not start after a 
predetermined number of first time intervals, wherein 
the at least one Second time interval is longer than the 
first time interval. 

10. The method of claim 9, further comprising setting at 
least one other fan at full Speed. 

11. The method of claim 9, further comprising setting the 
Stopped fan at a percentage of full Speed when the Stopped 
fan Starts. 

12. The method of claim 9, further comprising Setting at 
least one other fan at a percentage of full Speed. 

13. The method of claim 9, further comprising activating 
an alarm upon detecting the Stopped fan. 

14. The method of claim 9, further comprising deactivat 
ing an alarm when the Stopped fan Starts. 

15. A method for controlling fan operation, the method 
comprising: 

detecting a stopped fan; 
attempting to Start the Stopped fan and Setting at least one 

other fan at full Speed; 
Setting the at least one other fan at a percentage of full 

Speed; 
attempting to Start the Stopped fan again and Setting the at 

least one other fan at full Speed again after at least one 
first time interval when the Stopped fan does not start; 
and 

attempting to Start the Stopped fan again and Setting the at 
least one other fan at full Speed again after at least one 
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Second time interval when the Stopped fan does not 
Start after a predetermined number of first time inter 
vals, wherein the at least one Second time interval is 
longer than the first time interval. 

16. The method of claim 15, further comprising setting the 
Stopped fan at a percentage of full Speed when the Stopped 
fan Starts. 

17. The method of claim 16, wherein setting the stopped 
fan at a percentage of full Speed when the Stopped fan Starts 
occurs at a temperature within a predetermined range. 

18. The method of claim 15, wherein setting the at least 
one other fan at a percentage of full Speed occurs at a 
temperature within a predetermined range. 

19. A method for controlling fan operation, the method 
comprising: 

detecting a stopped fan; 
executing a restart method for Starting the Stopped fan; 
terminating the restart method when a shutdown condition 

OCCurS, 

retaining a stopped-fan fault indicative of the Stopped fan 
when the shutdown condition occurs, and 

executing the restart method for Starting the Stopped fan 
when the shutdown condition no longer exists. 

20. The method of claim 19, wherein executing the restart 
method comprises: 

attempting to Start the Stopped fan; 
attempting to start the stopped fan again after at least one 

first time interval when the fan does not start; and 
attempting to Start the Stopped fan again after at least one 

Second time interval when the fan does not start after a 
predetermined number of first time intervals, wherein 
the at least one Second time interval is longer than the 
first time interval. 

21. The method of claim 19, wherein executing the restart 
method comprises: 

attempting to Start the Stopped fan and Setting at least one 
other fan at full Speed; 

Setting the at least one other fan at a percentage of full 
Speed; 

attempting to Start the Stopped fan again and Setting the at 
least one other fan at full Speed again after at least one 
first time interval when the Stopped fan does not start; 
and 

attempting to Start the Stopped fan again and Setting the at 
least one other fan at full Speed again after at least one 
Second time interval when the Stopped fan does not 
Start after a predetermined number of first time inter 
vals, wherein the at least one Second time interval is 
longer than the first time interval. 

22. A method for controlling fan operation, the method 
comprising: 

detecting a stopped fan; 
shutting off power to the Stopped fan at a temperature 

corresponding to a freezing temperature of a lubricant 
of the Stopped fan; 

retaining a stopped-fan fault indicative of the Stopped fan 
when the power is shut off; 
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restoring power to the Stopped fan at a temperature greater 
than the freezing temperature of the lubricant; and 

executing a restart method for Starting the Stopped fan. 
23. A machine-readable medium comprising machine 

uSable instructions for causing a circuit card to perform a 
method of controlling fan operation, the method comprising: 

detecting a stopped fan; 

attempting to Start the Stopped fan; 
attempting to Start the Stopped fan again after at least one 

first time interval when the fan does not start; and 

attempting to Start the Stopped fan again after at least one 
Second time interval when the fan does not start after a 
predetermined number of first time intervals, wherein 
the at least one Second time interval is longer than the 
first time interval. 

24. The method of claim 23, further comprising Setting at 
least one other fan at full Speed. 

25. The method of claim 23, further comprising setting the 
Stopped fan at a percentage of full Speed when the Stopped 
fan Starts. 

26. The method of claim 23, further comprising Setting at 
least one other fan at a percentage of full Speed. 

27. The method of claim 23, further comprising activating 
an alarm upon detecting the Stopped fan. 

28. The method of claim 23, further comprising deacti 
Vating an alarm when the Stopped fan Starts. 

29. A machine-readable medium comprising machine 
uSable instructions for causing a circuit card to perform a 
method of restarting a Stopped fan, the method comprising: 

attempting to Start the Stopped fan; 

attempting to Start the Stopped fan again after at least one 
first time interval when the fan does not start; and 

attempting to Start the Stopped fan again after at least one 
Second time interval when the fan does not start after a 
predetermined number of first time intervals, wherein 
the at least one Second time interval is longer than the 
first time interval. 

30. The method of claim 29, further comprising setting at 
least one other fan at full Speed. 

31. The method of claim 29, further comprising setting the 
Stopped fan at a percentage of full Speed when the Stopped 
fan Starts. 

32. The method of claim 29, further comprising setting at 
least one other fan at a percentage of full Speed. 

33. A machine-readable medium comprising machine 
uSable instructions for causing a circuit card to perform a 
method of controlling fan operation, the method comprising: 

detecting a stopped fan; 

executing a restart method for Starting the Stopped fan; 

terminating the restart method when a shutdown condition 
OCCurS, 

retaining a Stopped-fan fault indicative of the Stopped fan 
when the shutdown condition occurs, and 

executing the restart method for Starting the Stopped fan 
when the shutdown condition no longer exists. 
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34. The method of claim 33, wherein executing the restart 
method comprises: 

attempting to Start the Stopped fan; 
attempting to Start the Stopped fan again after at least one 

first time interval when the fan does not start; and 
attempting to Start the Stopped fan again after at least one 

Second time interval when the fan does not start after a 
predetermined number of first time intervals, wherein 
the at least one Second time interval is longer than the 
first time interval. 

35. The method of claim 33, wherein executing the restart 
method comprises: 

attempting to Start the Stopped fan and Setting at least one 
other fan at full Speed; 
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Setting the at least one other fan at a percentage of full 
Speed; 

attempting to Start the Stopped fan again and Setting the at 
least one other fan at full Speed again after at least one 
first time interval when the Stopped fan does not start; 
and 

attempting to Start the Stopped fan again and Setting the at 
least one other fan at full Speed again after at least one 
Second time interval when the Stopped fan does not 
Start after a predetermined number of first time inter 
vals, wherein the at least one Second time interval is 
longer than the first time interval. 


